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(54) ELECTRO-OPTICAL DISTANCE METER

(57) The invention provides an electro-optical dis-
tance meter comprising a light emitting element for emit-
ting a distance measuring light, signal generators for gen-
erating two or more proximity frequencies, a modulation
signal in which the two or more proximity frequencies are
intermitted respectively and converted to pulses with a
predetermined width, a projecting optical system for se-
quentially switching over and projecting intermittent mod-
ulated distance measuring light as converted to pulses
with predetermined width by the modulation signal, a
photodetection unit for receiving a reflected distance
measuring light from an object to be measured and pro-
ducing an intermittent photodetection signal with a pre-
determined pulse width, a reference signal generator for
issuing reference frequency signals having a difference
of a predetermined frequency respectively, a frequency
converting unit for performing frequency conversion by
mixing the intermittent photodetection signals from the
photodetection unit and the reference frequency signals,
corresponding to each intermittent frequency signals re-
spectively and obtaining intermittent conversion signals
with a pulse width, and an arithmetic control unit, wherein
the pulse width of the intermittent photodetection signal
is set up so as to be longer in a time duration than a
period of the intermittent conversion signal, and in a case
where the object to be measured is a moving object, the
period of the intermittent photodetection signal is set to
such speed that a phase change of the intermittent con-
version signal due to moving of the moving object can
be negligible, wherein the arithmetic control unit is con-
figured so as to calculate a precise measurement dis-

tance value by obtaining the phase of the intermittent
photodetection signal with respect to the two or more
proximity frequencies, to calculate a coarse measure-
ment distance value by obtaining a phase difference be-
tween the intermittent conversion signals, and to deter-
mine a distance by combining the coarse measurement
distance value and the precise measurement distance
value.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an electro-op-
tical distance meter, which projects a modulated meas-
uring light to an object to be measured, receives a re-
flected measuring light from the object to be measured
and measures a distance to the object to be measured
by a phase difference between the measuring light and
the reflected measuring light.
[0002] In the electro-optical distance meter which per-
form a distance measurement by detecting the phase
difference between the measuring light and the reflected
measuring light, a distance as measurable and a meas-
urement accuracy are determined by a modulated fre-
quency. For this reason, in order to make measuring from
a near distance to a long distance possible, it is necessary
to project a distance measuring light with a plurality of
modulated frequencies.
[0003] For instance, in a case where a modulated fre-
quency of 30 MHz and a modulated frequency of 300
KHz are used, a distance up to 5 m and a distance up to
500 m can be measured by each frequency respectively.
In order to measure a distance longer than the above,
further more frequencies are necessary. Conventionally,
in order to measure a phase of a high-frequency wave,
a heterodyne method is used, and phase measurement
has been performed after decreasing the frequency. For
instance, for the phase measurement of 30 MHz and 300
KHz, frequencies of 30 MHz - 30 KHz and 300 KHz - 30
KHz are generated, and phase measurement has been
performed by the difference frequency of 30 KHz. When
the frequency of 300 KHz - 30 KHz, as generated at this
moment, is used as a third modulated frequency, by ob-
taining a phase difference against the modulated fre-
quency of 300 KHz, in a pseudo manner, the phase dif-
ference becomes equivalent to the phase modulated at
30 KHz, which made distance measurement up to 5 km
possible.
[0004] In a conventional electro-optical distance me-
ter, since a plurality of frequencies are prepared, distance
measuring light is projected per each plurality of frequen-
cies, and distance measurement is performed, there
have been problems in that a circuit arrangement be-
comes complicated and measurement time becomes
longer.

SUMMARY OF THE INVENTION

[0005] It is an object of the present invention to provide
an electro-optical distance meter, by which it is possible
to efficiently prepare signals required for measurement
and to perform measurement within a short time.
[0006] To attain the object as described above, an
electro-optical distance meter according to the present
invention comprises a light emitting element for emitting
a distance measuring light, signal generators for gener-

ating two or more proximity frequencies, a modulation
signal in which the two or more proximity frequencies are
intermitted respectively and converted to pulses with a
predetermined width, a projecting optical system for se-
quentially switching over and projecting intermittent mod-
ulated distance measuring light as converted to pulses
with predetermined width by the modulation signal, a
photodetection unit for receiving a reflected distance
measuring light from an object to be measured and pro-
ducing an intermittent photodetection signal with a pre-
determined pulse width, a reference signal generator for
issuing reference frequency signals having a difference
of a predetermined frequency respectively, a frequency
converting unit for performing frequency conversion by
mixing the intermittent photodetection signals from the
photodetection unit and the reference frequency signals,
corresponding to each intermittent frequency signals re-
spectively and obtaining intermittent conversion signals
with a pulse width, and an arithmetic control unit, wherein
the pulse width of the intermittent photodetection signal
is set up so as to be longer in a time duration than a
period of the intermittent conversion signal, and in a case
where the object to be measured is a moving object, the
period of the intermittent photodetection signal is set to
such speed that a phase change of the intermittent con-
version signal due to moving of the moving object can
be negligible, wherein the arithmetic control unit is con-
figured so as to calculate a precise measurement dis-
tance value by obtaining the phase of the intermittent
photodetection signal with respect to the two or more
proximity frequencies, to calculate a coarse measure-
ment distance value by obtaining a phase difference be-
tween the intermittent conversion signals, and to deter-
mine a distance by combining the coarse measurement
distance value and the precise measurement distance
value.
[0007] Further, in the electro-optical distance meter ac-
cording to the present invention, the arithmetic control
unit generates the intermittent modulated distance meas-
uring light as an intermittent pattern to go one round in a
predetermined number of intermittence, integrates the
intermittent conversion signal by two or more times per
each intermittent pattern, specifies the two or more prox-
imity frequencies according to an intermittent width and
an intermittent cycle of an integrated waveform as ob-
tained, obtains an average phase of each of the intermit-
tent conversion signals, obtains the precise measure-
ment distance value from the average phase, obtains the
coarse measurement distance value from the average
phase difference of each of the mutual intermittent con-
version signals, and determines a distance to the object
to be measured according to the precise measurement
distance value and the coarse measurement distance
value.
[0008] Further, in the electro-optical distance meter ac-
cording to the present invention, among the two or more
proximity frequencies, the frequencies of intermittent
conversion signals corresponding to at least two proxim-
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ity frequencies are the same.
[0009] Further, in the electro-optical distance meter ac-
cording to the present invention, the arithmetic control
unit performs distance measurement at a delay time of
a photodetection pulse of the intermittent modulated dis-
tance measuring light.
[0010] Further, in the electro-optical distance meter ac-
cording to the present invention, the arithmetic control
unit produces an abnormal signal in a case where the
difference between the precise measurement distance
value and the coarse measurement distance value ob-
tained from the two or more proximity frequencies is not
within a predetermined value.
[0011] Furthermore, in the electro-optical distance me-
ter according to the present invention, an intermittent
switch-over of the two or more proximity frequencies is
performed by deviating a predetermined cycle per each
frequency, and the intermittent conversion signal as fre-
quency converted performs a phase measurement after
deviating a predetermined cycle.
[0012] According to the present invention, the electro-
optical distance meter comprises a light emitting element
for emitting a distance measuring light, signal generators
for generating two or more proximity frequencies, a mod-
ulation signal in which the two or more proximity frequen-
cies are intermitted respectively and converted to pulses
with a predetermined width, a projecting optical system
for sequentially switching over and projecting intermittent
modulated distance measuring light as converted to puls-
es with predetermined width by the modulation signal, a
photodetection unit for receiving a reflected distance
measuring light from an object to be measured and pro-
ducing an intermittent photodetection signal with a pre-
determined pulse width, a reference signal generator for
issuing reference frequency signals having a difference
of a predetermined frequency respectively, a frequency
converting unit for performing frequency conversion by
mixing the intermittent photodetection signals from the
photodetection unit and the reference frequency signals,
corresponding to each intermittent frequency signals re-
spectively and obtaining intermittent conversion signals
with a pulse width, and an arithmetic control unit, wherein
the pulse width of the intermittent photodetection signal
is set up so as to be longer in a time duration than a
period of the intermittent conversion signal, and in a case
where the object to be measured is a moving object, the
period of the intermittent photodetection signal is set to
such speed that a phase change of the intermittent con-
version signal due to moving of the moving object can
be negligible, wherein the arithmetic control unit is con-
figured so as to calculate a precise measurement dis-
tance value by obtaining the phase of the intermittent
photodetection signal with respect to the two or more
proximity frequencies, to calculate a coarse measure-
ment distance value by obtaining a phase difference be-
tween the intermittent conversion signals, and to deter-
mine a distance by combining the coarse measurement
distance value and the precise measurement distance

value. As a result, all of the modulated frequencies are
used for a precise measurement and a coarse measure-
ment, a measurement efficiency is high, and a measure-
ment duration is shortened. Further, by setting the dis-
tance measuring light as an intermittent light, a time
alone, when light output is modulated, can be concen-
trated on, a peak power can be increased, and since a
light emitting duration is shortened, S/N ratio is improved
and measurement accuracy is increased. Furthermore,
distance measurement is possible even when the object
to be measured is a moving object.
[0013] Further, according to the present invention, in
the electro-optical distance meter, the arithmetic control
unit generates the intermittent modulated distance meas-
uring light as an intermittent pattern to go one round in a
predetermined number of intermittence, integrates the
intermittent conversion signal by two or more times per
each intermittent pattern, specifies the two or more prox-
imity frequencies according to an intermittent width and
an intermittent cycle of an integrated waveform as ob-
tained, obtains an average phase of each of the intermit-
tent conversion signals, obtains the precise measure-
ment distance value from the average phase, obtains the
coarse measurement distance value from the average
phase difference of each of the mutual intermittent con-
version signals, and determines a distance to the object
to be measured according to the precise measurement
distance value and the coarse measurement distance
value. As a result, the number of intermittence can be
set up adequately, corresponding to the measurement
accuracy as required.
[0014] Further, according to the present invention, in
the electro-optical distance meter, among the two or
more proximity frequencies, the frequencies of intermit-
tent conversion signals corresponding to at least two
proximity frequencies are the same. As a result, a con-
stituent element on an electrical circuit may be designed
to correspond with a single frequency, and since the elec-
trical circuit is simplified and frequencies are close to
each other, a single filter with a low Q would suffice and
since the Q is low, influence on a phase deviation of each
of the proximity frequencies respectively is decreased,
and abnormal measurement caused by deviation be-
tween the precise measurement and the coarse meas-
urement hardly occurs.
[0015] Further, according to the present invention, in
the electro-optical distance meter, the arithmetic control
unit performs distance measurement at a delay time of
a photodetection pulse of the intermittent modulated dis-
tance measuring light. As a result, a long distance meas-
urement is possible, and a modulated frequency required
for long distance measurement can be omitted.
[0016] Further, according to the present invention, in
the electro-optical distance meter, the arithmetic control
unit produces an abnormal signal in a case where the
difference between the precise measurement distance
value and the coarse measurement distance value ob-
tained from the two or more proximity frequencies is not
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within a predetermined value. As a result, an abnormal
measurement value can be eliminated and a reliability of
the measurement can be improved.
[0017] Furthermore, according to the present inven-
tion, in the electro-optical distance meter, an intermittent
switch-over of the two or more proximity frequencies is
performed by deviating a predetermined cycle per each
frequency, and the intermittent conversion signal as fre-
quency converted performs a phase measurement after
deviating a predetermined cycle. As a result, the meas-
urement with less error can be attained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG.1 is a schematical drawing of an optical system
of an electro-optical distance meter according to the
present embodiment.
FIG.2 is a schematical drawing of a measuring circuit
of the electro-optical distance meter according to the
present embodiment.
FIG.3A is an explanatory drawing to show a condition
where a distance measuring light is pulsed, FIG.3B
is an explanatory drawing to show a photodetection
signal, FIG.3C is an explanatory drawing to show a
light emitting pattern, FIG.3D is a drawing to show a
light emitting pattern after a signal conversion, and
FIG.3E is an explanatory drawing shown as en-
larged, of a pulse modulation light after passing
through a low-pass filter, and further, a drawing to
show a photodetection signal and an internal signal
after an A/D conversion.
FIG.4A and FIG.4B are explanatory drawings of dis-
tance measurement by delay time measurement,
where FIG.4A is an explanatory drawing of a light
emitting pattern, and FIG.4B is an explanatory draw-
ing to show a photodetection signal.
FIG.5A and FIG.5B are drawings where phase
change is carried out per each proximity frequency,
where FIG.5A is a drawing to show a light emitting
pattern, and FIG.5B is an explanatory drawing to
show a photodetection signal.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0019] A description will be given below on an embod-
iment of the present invention by referring to the attached
drawings.
[0020] First, referring to FIG.1, a description will be giv-
en on a distance measuring optical system 1 of an elec-
tro-optical distance meter according to an embodiment
of the present invention.
[0021] In FIG.1, the distance measuring optical system
1 comprises a projecting optical system 2, a photodetect-
ing optical system 3 and a sighting optical system 4. Fur-
ther, FIG.1 shows that an object to be measured 5 is a

prism as a retro-reflector.
[0022] The distance measuring optical system 1 has a
distance measuring optical axis 6 directed to the object
to be measured 5 and the projecting optical system 2 has
a projecting optical axis 7, the photodetecting optical sys-
tem 3 has a photodetection optical axis 8, and the sighting
optical system 4 has a sighting optical axis 9.
[0023] Along the projecting optical axis 7, a light emit-
ting element 11, a condenser lens 12, a half mirror 13
and a light quantity adjuster 14 are arranged. Further,
along the projecting optical axis 7, deflection mirrors 15
and 16 are arranged and the projecting optical axis 7 is
deflected by the deflection mirrors 15 and 16 so as to
coincide with the distance measuring optical axis 6.
[0024] The light emitting element 11 is a laser diode,
for instance, and emits an invisible light as a distance
measuring light.
[0025] Along the distance measuring optical axis 6, an
objective lens 17 and a dichroic mirror 18 are provided.
The dichroic mirror 18 is adapted so as to allow a visible
light to pass through and reflect a distance measuring
light. A part where the distance measuring optical axis 6
passes through the dichroic mirror 18 is the sighting op-
tical axis 9, and an ocular lens 19 is provided along the
sighting optical axis 9.
[0026] The objective lens 17, the dichroic mirror 18,
the ocular lens 19, etc. make up together the sighting
optical system 4.
[0027] The condenser lens 12, the half mirror 13, the
light quantity adjuster 14, the deflection mirrors 15 and
16, the objective lens 17, etc. make up together the pro-
jecting optical system 2.
[0028] A part where the distance measuring optical ax-
is 6 is reflected by the dichroic mirror 18 is the photode-
tection optical axis 8, and a photodetection element 21
is provided along the photodetection optical axis 8.
[0029] The objective lens 17, the dichroic mirror 18,
etc. make up together the photodetecting optical system
3.
[0030] A reflection optical axis of the half mirror 13 is
guided to the photodetection element 21 as an internal
reference optical axis 23 via a reflection mirror 22. The
half mirror 13 and the reflection mirror 22 make up to-
gether an internal reference optical system 24.
[0031] An optical path switching unit 25 is spanned be-
tween the projecting optical axis 7 and the internal refer-
ence optical axis 23. The optical path switching unit 25
alternatively shuts off or opens the projecting optical axis
7 or the internal reference optical axis 23. The optical
path switching unit 25 is configured so as to select that
a distance measuring light passing through the half mirror
13 is projected or that one part of the distance measuring
light as reflected by the half mirror 13 is projected to the
internal reference optical system 24.
[0032] The light emitting element 11 and the photode-
tection element 21 are electrically connected to the arith-
metic processing unit 27 respectively.
[0033] A description will be given below on an opera-
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tion of the distance measuring optical system 1.
[0034] A distance measuring light 28 as modulated is
emitted from the light emitting element 11. The distance
measuring light 28 as turned to a parallel luminous flux
by the condenser lens 12 is projected toward the object
to be measured 5 by passing through a central part of
the objective lens 17 after the light quantity is adjusted
by the light quantity adjuster 14.
[0035] The distance measuring light as reflected by the
object to be measured 5 enters the objective lens 17 as
a reflected distance measuring light 28’, is condensed
by the objective lens 17 and is reflected by the dichroic
mirror 18 and enters the photodetection element 21. The
reflected distance measuring light 28’ is received by the
photodetection element 21 and the photodetection ele-
ment 21 produces an intermittent photodetection signal
29 (to be described later).
[0036] After being emitted by the light emitting element
11, a part of the distance measuring light 28 (an internal
reference light 28") is reflected by the half mirror 13.
When the internal reference optical axis 23 is opened
due to an optical path switch-over by the optical path
switching unit 25, the internal reference light 28" enters
the photodetection element 21. The photodetection ele-
ment 21 produces a photodetection signal of the internal
reference light 28".
[0037] A visible light, which enters the dichroic mirror
18 via the objective lens 17, passes through the dichroic
mirror 18 and is condensed by the ocular lens 19. A sur-
veying operator can sight the object to be measured 5
via the ocular lens 19.
[0038] The arithmetic processing unit 27 drives the
light emitting element 11 and makes the light emitting
element 11 to emit a modulated light. Further, the arith-
metic processing unit 27 determines a distance to the
object to be measured 5 based on an intermittent photo-
detection signal 29 of the reflected distance measuring
light 28’ as inputted from the photodetection element 21,
and determines an optical path length of the internal ref-
erence optical system 24 based on an intermittent pho-
todetection signal 29 of the internal reference light 28".
A final measurement value is obtained as a difference
between a measurement result based on the reflected
distance measuring light 28’ and a measurement result
of the internal reference light 28". By obtaining the differ-
ence between the measurement result of the reflected
distance measuring light 28’ and the measurement result
of the internal reference light 28", an influence due to
drifting of the electric circuit can be eliminated.
[0039] Next, by referring to FIG.2, a description will be
given on the arithmetic processing unit 27.
[0040] In FIG.2, what are equivalent to components as
shown in FIG.1 are referred by the same symbol, and
detailed description thereof will not be given here.
[0041] A reference signal generator 31 generates a ref-
erence frequency signal s1 of a predetermined frequen-
cy. The numerical values as shown below can be ade-
quately changed, depending on a measurement distance

and a measurement accuracy. For instance, in the de-
scription as given below, 240 MHz is regarded as a ref-
erence frequency.
[0042] With respect to the reference frequency signal
s1 as issued from the reference signal generator 31, 240
MHz is divided to 1/32 by a divider 32, and a divided
frequency signal s2 of 7.5 MHz is generated. The divided
frequency signal s2 is inputted to a first signal generator
33 and a second signal generator 34.
[0043] In the first signal generator 33, a first modulation
signal s3 of 240 MHz + 7.5 MHz is generated by the
divided frequency signal s2 and the reference frequency
signal s1 and is outputted to a first intermittent pulse gen-
erator 35. Further, in the second signal generator 34, a
second modulation signal s4 of 240 MHz - 7.5 MHz is
generated by the divided frequency signal s2 and the
reference frequency signal s1 and is outputted to a sec-
ond intermittent pulse generator 36.
[0044] By the first signal generator 33 and the second
signal generator 34, two modulation signals having close
frequencies, i.e. 240 MHz + 7.5 MHz (s3) and 240 MHz
- 7.5 MHz (s4) are generated.
[0045] In the first intermittent pulse generator 35, the
first modulation signal s3, which is a continuous signal,
is converted to an intermittent signal as issued per pre-
determined time interval by a predetermined time dura-
tion. That is, the first modulation signal s3 of continuous
signal is changed to a pulse signal. A first pulse modu-
lation signal s5 as pulsed is inputted from the first inter-
mittent pulse generator 35 to an AND circuit 37.
[0046] Therefore, in the pulses of the first pulse mod-
ulation signal s5, the frequency of 240 MHz + 7.5 MHz
is included, and the pulse is constituted of the frequency
of 240 MHz + 7.5 MHz.
[0047] Similarly, in the second intermittent pulse gen-
erator 36, the second modulation signal s4, which is a
continuous signal, is converted to an intermittent signal,
which is issued per predetermined time interval by a pre-
determined time duration and is changed to a pulse sig-
nal. A second pulse modulation signal s6 as pulsed is
inputted from the second intermittent pulse generator 36
to the AND circuit 37. Also, regarding a pulse of the sec-
ond pulse modulation signal s6, similarly to the first pulse
modulation signal s5, the frequency of 240 MHz - 7.5
MHz is included, and the pulse is constituted of the fre-
quency of 240 MHz - 7.5 MHz.
[0048] The reference frequency signal s1 generated
by the reference signal generator 31 is also inputted to
a timing signal generator 39. The timing signal generator
39 generates various types of timing signals based on
the reference frequency signal s1.
[0049] The timing signal generator 39 sends timing sig-
nals to the first intermittent pulse generator 35 and the
second intermittent pulse generator 36 and controls in
such a manner that the first pulse modulation signal s5
and the second pulse modulation signal s6 from the sec-
ond intermittent pulse generator 36 are outputted, alter-
nately and at a predetermined time interval.
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[0050] Further, the timing signal from the timing signal
generator 39 is inputted to a switching gate 40. A switch-
ing signal is inputted to the AND gate 37 from the switch-
ing gate 40.
[0051] In response to the switching signal from the
switching gate 40, the AND circuit 37 outputs the first
pulse modulation signal s5 and the second pulse modu-
lation signal s6 to a driver 38 alternately.
[0052] As shown in FIG.3A, the driver 38 drives the
light emitting element 11 based on the first pulse modu-
lation signal s5 and the second pulse modulation signal
s6. The driver 38 makes the light emitting element 11 to
emit the distance measuring light modulated at 240 MHz
+ 7.5 MHz and the distance measuring light modulated
at 240 MHz - 7.5 MHz alternately, at a predetermined
time duration and at a predetermined time interval re-
spectively (see FIG.3C).
[0053] The light emitting element 11 emits a distance
measuring light 28 intermittently and the distance meas-
uring light 28 becomes a pulsed light. Further, pulsed
lights emitted alternately is constituted of a modulation
light of 240 MHz + 7.5 MHz and a modulation light of 240
MHz - 7.5 MHz respectively (hereinafter referred as a
pulse modulation light).
[0054] FIG.3A and FIG.3C each shows a condition
where a modulation light of 240 MHz + 7.5 MHz and a
modulation light of 240 MHz - 7.5 MHz are emitted alter-
nately. Further, in the present embodiment, a pulse width
is set to 933 ns. Here, in a case where an object to be
measured is a moving object, a switching timing of the
modulation light of 240 MHz + 7.5 MHz and the modula-
tion light of 240 MHz - 7.5 MHz are set up so as to switch
over at a higher speed compared with the moving speed
and the moving of the object to be measured does not
exert influence on the measurement results.
[0055] Here, in a case where the modulation light is
intermitted, a pulse width is set up so as to be longer than
one cycle of a difference frequency. Further, a speed of
a cycle of intermittence (a pulse generating cycle) is set
in such a manner that a phase change of a difference
frequency signal due to the moving of the moving object
can be neglected.
[0056] Further, as the distance measuring light 28 is
emitted intermittently, i.e. by pulse emitting, a light emit-
ting duty ratio of the light emitting element (a laser diode
(LD)) 11 is decreased. Since a peak value can be in-
creased by the decreasing amount of the light emitting
duty ratio, a light intensity of the distance measuring light
can be increased without impairing the safety with re-
spect to an eye, and a long distance measurement be-
comes possible. It is to be noted that the predetermined
time duration and the predetermined time interval can be
adequately selected depending on a measuring condi-
tion.
[0057] The distance measuring light 28 is emitted to-
wards the object to be measured 5, reflected by the object
to be measured 5 and is received by the photodetection
element 21 via the photodetecting optical system 3. The

photodetection element 21 produces an intermittent pho-
todetection signal 29. As the photodetection element to
be used, a photodiode, and further, an avalanche pho-
todiode (APD) is used, for instance.
[0058] Further, an optical path is switched over by the
optical path switching unit 25 and one part of the distance
measuring light 28 is received by the photodetection el-
ement 21 as an internal reference light 28" via the internal
reference optical system 24. It is to be noted that since
a processing of the photodetection signal when the re-
flected distance measuring light 28’ is received is similar
to the processing of the photodetection signal for the in-
ternal reference light 28", a description will be given be-
low on the processing of the photodetection signal of the
reflected distance measuring light 28’.
[0059] The photodetection element 21 alternately re-
ceives a pulse modulation light of 240 MHz + 7.5 MHz
and a pulse modulation light of 240 MHz - 7.5 MHz as a
reflected distance measuring light 28’. Therefore, the
photodetection signal of the photodetection element 21
becomes a pulse output and becomes an intermittent
photodetection signal 29 having frequencies of 240 MHz
+ 7.5 MHz and 240 MHz - 7.5 MHz inside the pulse.
[0060] FIG.3B shows a generating condition of the
photodetection signal. In the photodetection signal, a de-
lay time (pulse delay) occurs, corresponding to the dis-
tance between light emitting pulses.
[0061] The photodetection signal is amplified by an
amplifier 42 and the signals as amplified are inputted to
a mixing circuit 43. To the mixing circuit 43, a reference
frequency signal s1 of 240 MHz is inputted from the ref-
erence signal generator 31 via an AND circuit 48. The
timing of the inputting of the reference frequency signal
s1 is controlled by the timing signal from the timing signal
generator 39 so as to perform mixing with the photode-
tection signal (intermittent signal) of the pulse modulation
light of 240 MHz + 7.5 MHz and the photodetection signal
(intermittent signal) of the pulse modulation light of 240
MHz - 7.5 MHz.
[0062] Frequency conversion is performed by mixing
of the photodetection signal of the pulse modulation light
of 240 MHz + 7.5 MHz, the photodetection signal of the
pulse modulation light of 240 MHz - 7.5 MHz and the
reference frequency signal s1, and the frequency of 6
7.5 MHz and added frequency 240 MHz + 240 MHz +
7.5 MHz and frequency 240 MHz + 240 MHz - 7.5 MHz
are obtained. Further, by passing through the low-pass
filter 44, high frequency components are removed and a
difference frequency of 6 7.5 MHz remains. The differ-
ence frequency signal of 6 7.5 MHz is a difference fre-
quency signal (intermittent conversion signal) in a pulsed
condition since the difference frequency signal of 6 7.5
MHz corresponds to a pulse modulation light of 240 MHz
+ 7.5 MHz and a pulse modulation light of 240 MHz - 7.5
MHz.
[0063] Further, in the two difference frequencies, one
is a difference frequency signal of 7.5 MHz where a phase
advances in terms of time and the other one is a differ-
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ence frequency signal of 7.5 MHz where a phase retreats
in terms of time (see FIG.3E). Therefore, a phase devi-
ation (phase difference) corresponding to a distance
(time) occurs between both difference frequencies.
[0064] Here, the reference signal generator 31, the tim-
ing signal generator 39, the AND circuit 48, the mixing
circuit 43 and the like function as a frequency conversion
unit.
[0065] Each of the difference frequencies passes
through the low-pass filter 44, high frequency compo-
nents are removed and each of the difference frequen-
cies is inputted to an A/D converter 45. A range of the
low-pass filter 44 is set up to about 10 MHz, which is
sufficient for the difference frequency of 7.5 MHz. After
the conversion by the A/D converter 45, each of the dif-
ference frequencies is stored in a memory 46, which
serve as a storing means.
[0066] FIG.3E shows that in a mixing in the mixing cir-
cuit 43, signals included in the pulses are signals with
the difference frequency of 7.5 MHz.
[0067] The signal stored in the memory 46 is read by
an arithmetic control unit 47 for the purpose of calculating
the distance and a phase difference is calculated per
each difference frequency signal. That is, a phase is ob-
tained per each frequency of 240 MHz + 7.5 MHz and
240 MHz - 7.5 MHz included in each pulse signal, and
further, a phase is obtained per each waveform of one
cycle, and respectively used for precise measurement.
Further, phase differences are detected per each differ-
ence frequency signal of two types and per difference
frequencies of one cycle, a phase difference between
both difference frequencies is obtained, and the phase
difference is used for coarse measurement. The arith-
metic control unit 47 calculates a distance based on a
light velocity by using the phase difference for precise
measurement and the phase difference for coarse meas-
urement (see FIG.3E).
[0068] Further, by adding and averaging of both differ-
ence frequencies, i.e. the difference frequency of 7.5
MHz and the difference frequency of - 7.5 MHz, a phase
waveform without a phase deviation at a starting point
can be obtained for the waveforms within the pulse. Fur-
ther, a phase measurement with a high accuracy be-
comes possible by performing adding and averaging,
corresponding with each of the proximity frequencies re-
spectively.
[0069] The measurement distances which can be ob-
tained from the phase of each of the frequencies of 240
MHz + 7.5 MHz and 240 MHz - 7.5 MHz are 60.6 cm and
64.5 cm respectively, at maximum, and a measurement
of a short distance with high accuracy is possible. Further,
since a measurement time interval is very short, a dis-
tance measurement of a moving object is also possible.
[0070] Further, the measurement distance which can
be obtained from the phase difference between the dif-
ference frequencies of 6 7.5 MHz is 10 m at maximum,
and a measurement of a medium distance (coarse dis-
tance measurement) is possible. Therefore, by combin-

ing the distance measurement by phase detections of
240 MHz + 7.5 MHz and 240 MHz - 7.5 MHz and the
distance measurement by phase detections between the
difference frequencies of 6 7.5 MHz, a distance meas-
urement with high accuracy from a short distance to a
medium distance becomes possible.
[0071] Further, regarding the combination of distance
measurements, a distance of a minimal unit or less of a
medium distance measurement (coarse measurement)
is compensated by precise measurement. Further, in a
case where the difference between a medium distance
measurement value (coarse distance measurement val-
ue) and a precise distance measurement value is not
within a predetermined value, a signal may be issued to
notify that the measurement is abnormal. This makes it
possible to judge that the measured value is abnormal
and contributes to an improvement of reliability of the
measurement.
[0072] Further, the circuit for calculating the phase and
an arithmetic circuit for calculating a distance based on
the phase as calculated, can be a common processing
circuit, since frequencies of 240 MHz + 7.5 MHz and 240
MHz - 7.5 MHz are close to each other, and the difference
frequencies of 6 7.5 MHz are the same difference fre-
quency. Therefore, a circuit arrangement of the arithme-
tic control unit 47 become simplified.
[0073] Further, measurement accuracies are frequen-
cies 240 MHz + 7.5 MHz and 240 MHz - 7.5 MHz as close
to each other, which are approximately the same, and
distance measurement results as measured by both fre-
quencies can be used as the data for average processing.
Thus, many distance measurement results can be aver-
aged in lesser circuit arrangements, and this contributes
to the improvement of the measurement accuracy.
[0074] As described above, a distance measurement
by the phase and the phase difference is executed per
each frequency wave, and since the measurement re-
sults as obtained per each frequency wave is averaged,
a number of times of measurements are determined ac-
cording to the number of frequency waves included within
the pulse modulation light. Therefore, in order to improve
the accuracy of the measured value by increasing the
average number of times, it would suffice if the number
of times of measurements are increased by widening the
pulse width. A determination of the pulse width and the
pulse interval can be changed by giving consideration on
the measurement accuracy.
[0075] Next, a description will be given on a case where
a long distance measurement is performed.
[0076] In the long distance measurement, the pulse
modulation light is processed as a pulsed light and a dis-
tance measurement is performed based on the time of
reciprocal running (delay time) of the pulsed light (TOF:
Time of Flight) .
[0077] As shown in FIG.4A, a pulse width of the pulse
modulation light is changed per each predetermined time
interval. For instance, it is supposed that a normal pulse
width is 933 ns, the pulse interval is 20 ms and the pulse
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width is 800 ns per 160 ms interval, i.e. per each pulse
modulation light. 160 ms is 6.2 KHz and is equivalent to
a pulse delay time of 24 km. The pulse width may be set
as narrower or wider, but is configured so as to be set
as it can be identifiable from other pulses, and the pulse
as identifiable is set up as a reference pulsed light.
[0078] Thus, by detecting the reference pulsed light,
an intermittent pattern which go one round per 8 pulses
(per 8 intermittent numbers) is prepared. It is needless
to say that the number of intermittence is set up ade-
quately.
[0079] It is to be noted that since pulse modulation
lights of 240 MHz + 7.5 MHz and 240 MHz - 7.5 MHz are
alternately emitted, the pulse interval itself is 10 ms.
[0080] By detecting a delay time of the photodetection
signal of the reference pulsed light with the pulse width
of 800 ns, it becomes possible to measure up to 24 km
in round trip (see FIG.4B). Since the light emission inter-
val of the reference pulsed light can be set up arbitrarily,
it is possible to correspond with a maximum measure-
ment distance as required and can be set up adequately.
[0081] Further, by forming an intermittent pattern, in-
tegration is performed a plurality of times per intermittent
pattern, and an integrated waveform is obtained. From
an intermittent width and an intermittent cycle of the in-
tegrated waveform as obtained, a plurality of proximity
frequencies are specified. Average phases of intermittent
conversion signals of the respective proximity frequen-
cies are obtained. The precise measurement value may
be obtained from the average phase, the coarse meas-
urement distance value may be obtained from the aver-
age phase difference, and the distance of the object to
be measured may be measured from the precise meas-
urement distance value and the coarse measurement
distance value.
[0082] In the embodiment as described above, two
proximity frequencies are generated, while it may be so
arranged that three or more proximity frequencies are
generated or it may be so arranged that two sets or more
proximity frequencies may be generated.
[0083] FIG.5A shows a light emitting pattern where the
phase is shifted by 1/2 cycle per 240 MHz + 7.5 MHz and
240 MHz - 7.5 MHz. Further, by adding and averaging
the photodetection signal shifted by 1/2 cycle per 240
MHz + 7.5 MHz and 240 MH - 7.5 MHz, a phase meas-
urement with high accuracy becomes possible (see
FIG.5B).
[0084] As described above, according to the present
invention, all of the modulated frequencies are used for
precise measurement and coarse measurement, a
measurement efficiency is high, and a measurement time
is shortened. Further, by using an intermittent light as a
distance measuring light, a light output can be concen-
trated to only the time of modulation, a peak power can
be increased, and since a light emitting duration can be
shortened, an S/N ratio is improved and the measure-
ment accuracy is improved.
[0085] Further, since it is so arranged that distance

measurement is performed by distance measuring lights
of two modulated frequencies close to each other, it is
possible to perform signal processing and distance cal-
culation by a common processing circuit, and the circuit
arrangement is simplified.
[0086] Further, since a continuous modulation wave is
converted to an intermittent signal and the intermittent
signal is emitted in form of pulses, the peak value of the
distance measuring light as projected can be increased,
a light receiving amount is increased, and the measure-
ment accuracy improves and a long distance measure-
ment becomes possible.
[0087] Further, by emitting by pulse emission, since a
long distance measurement can be performed based on
the time of round trip of the pulsed light, and the light
emission interval of the pulsed light, subjected to distance
measurement, can be arbitrarily set up, the maximum
measurement distance can be easily changed depend-
ing on a measuring condition.
[0088] In the embodiment as described above, two
proximity frequencies are generated, while it may be so
arranged that three or more proximity frequencies are
generated or it may be so arranged that two sets or more
proximity frequencies may be generated.
[0089] Further, in a case where the object to be meas-
ured is a moving object, since a period of the intermittent
signal is set to a speed in which a phase change of the
intermittent conversion signal due to the moving of the
moving object can be neglected, a distance measure-
ment becomes possible even when the object to be
measured is a moving object.
[0090] Further, the arithmetic control unit generates an
intermittent modulated distance measuring light as an
intermittent pattern, which goes one round in a predeter-
mined number of intermittence. The intermittent conver-
sion signal is integrated by a plurality of times per each
intermittent pattern and specifies a plurality of proximity
frequencies according to an intermittent width and an in-
termittent cycle of an integrated waveform as obtained.
An average phase of each of intermittent conversion sig-
nals of the proximity frequencies is obtained respectively,
a precise measurement distance value is obtained from
the average phase and a coarse measurement distance
value is obtained from the average phase difference of
each of the mutual intermittent conversion signals. Then,
according to the precise measurement distance value
and the coarse measurement distance value, a distance
to the object to be measured is determined. Accordingly,
the number of intermittence can be set up adequately,
corresponding to the measurement accuracy as re-
quired.
[0091] Further, it would suffice if a component element
on an electric circuit corresponds to one frequency, and
the circuit arrangement becomes simple. Further, a sin-
gle filter having a low Q will suffice since the frequencies
are close to each other. Since the Q is low, influences
against respective phase deviations of the proximity fre-
quencies are decreased, and an abnormal measurement

13 14 



EP 3 064 962 A1

9

5

10

15

20

25

30

35

40

45

50

55

is unlikely to occur because of a deviation between a
precise measurement and a coarse measurement.
[0092] Further, since a distance measurement is per-
formed according to a delay time of a photodetection
pulse of the intermittent modulated distance measuring
light, a long distance measurement is possible, and this
makes it possible to eliminate the use of a modulated
frequency, which is required for long distance measure-
ment. Further, since the light emission interval of a pulsed
light can be set up arbitrarily, a maximum measurement
distance can be easily changed, depending on a meas-
uring condition.
[0093] Further, in a case where the difference between
the precise measurement distance value and the coarse
measurement distance value as obtained from a plurality
of proximity frequencies are not within the predetermined
value, an abnormal signal is produced. As a result, it is
possible to eliminate an abnormal measurement value,
and this contributes to the improvement of the reliability
of the measurement.
[0094] Further, the intermittent switch-over of a plural-
ity of proximity frequencies is performed for each fre-
quency by deviating a predetermined period. Since with
respect to the intermittent conversion signal as frequency
converted, a phase measurement is performed after de-
viating by the predetermined period, it is possible to per-
form the measurement with less error.

Claims

1. An electro-optical distance meter comprising; a light
emitting element (11) for emitting a distance meas-
uring light (28), signal generators (33, 34) for gener-
ating two or more proximity frequencies, a modula-
tion signal in which said two or more proximity fre-
quencies are intermitted respectively and converted
to pulses with a predetermined width, a projecting
optical system (2) for sequentially switching over and
projecting intermittent modulated distance measur-
ing light as converted to pulses with predetermined
width by said modulation signal, a photodetection
unit (21) for receiving a reflected distance measuring
light (28’) from an object to be measured (5) and
producing an intermittent photodetection signal (29)
with a predetermined pulse width, a reference signal
generator (31) for issuing reference frequency sig-
nals having a difference of a predetermined frequen-
cy respectively, a frequency converting unit (31, 39,
43, 48) for performing frequency conversion by mix-
ing said intermittent photodetection signals from said
photodetection unit and said reference frequency
signals, corresponding to each intermittent frequen-
cy signals respectively and obtaining intermittent
conversion signals with a pulse width, and an arith-
metic control unit (47), wherein the pulse width of
said intermittent photodetection signal is set up so
as to be longer in a time duration than a period of

said intermittent conversion signal, and in a case
where said object to be measured is a moving object,
the period of said intermittent photodetection signal
is set to such speed that a phase change of said
intermittent conversion signal due to moving of said
moving object can be negligible, wherein said arith-
metic control unit is configured so as to calculate a
precise measurement distance value by obtaining
the phase of said intermittent photodetection signal
with respect to said two or more proximity frequen-
cies, to calculate a coarse measurement distance
value by obtaining a phase difference between said
intermittent conversion signals, and to determine a
distance by combining said coarse measurement
distance value and said precise measurement dis-
tance value.

2. The electro-optical distance meter according to
claim 1, wherein said arithmetic control unit (47) gen-
erates said intermittent modulated distance meas-
uring light as an intermittent pattern to go one round
in a predetermined number of intermittence, inte-
grates said intermittent conversion signal by two or
more times per each intermittent pattern, specifies
said two or more proximity frequencies according to
an intermittent width and an intermittent cycle of an
integrated waveform as obtained, obtains an aver-
age phase of each of said intermittent conversion
signals, obtains said precise measurement distance
value from the average phase, obtains said coarse
measurement distance value from the average
phase difference of each of said mutual intermittent
conversion signals, and determines a distance to
said object to be measured (5) according to said pre-
cise measurement distance value and said coarse
measurement distance value.

3. The electro-optical distance meter according to
claim 1, wherein among said two or more proximity
frequencies, the frequencies of intermittent conver-
sion signals corresponding to at least two proximity
frequencies are the same.

4. The electro-optical distance meter according to
claim 1, wherein said arithmetic control unit (47) per-
forms distance measurement at a delay time of a
photodetection pulse of said intermittent modulated
distance measuring light.

5. The electro-optical distance meter according to
claim 1, wherein said arithmetic control unit (47) pro-
duces an abnormal signal in a case where the dif-
ference between said precise measurement dis-
tance value and said coarse measurement distance
value obtained from said two or more proximity fre-
quencies is not within a predetermined value.

6. The electro-optical distance meter according to
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claim 1, wherein an intermittent switch-over of said
two or more proximity frequencies is performed by
deviating a predetermined cycle per each frequency,
and said intermittent conversion signal as frequency
converted performs a phase measurement after de-
viating a predetermined cycle.
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